Neopterin, a pteridine intermediate metabolite in the biopterine synthetic pathway, is synthesized and secreted by monocyte/macrophages upon stimulation, mainly by gamma-interferon by activated T cells. C-reactive protein (CRP) is one of the major acute phase reactants and its release is thought to be mediated by interleukin-6. Soluble IL-2 receptor (sIL-2R) is released by activated T cells. Plasma concentrations of neopterin, CRP and sIL-2R were synchronously analyzed in 25 determinations of 5 patients with severe infectious complications. A marked increase in neopterin, CRP and sIL-2R levels was observed. The increase in neopterin was significantly correlated to that of neopterin which is a marker of macrophage activity. These results suggest that macrophages are involved in the stimulation of sIL-2R release. In contrast, the increase in neopterin was not correlated to that of CRP and the lack of correlation between neopterin and CRP indicated that independent mechanisms control the synthesis of these two markers.
Introduction
Various tests are currently used to evaluate the status of cell-mediated immunity. However, many in vitro tests and the phenotypic characterization of cell populations are restricted to specialized laboratories. An alternative approach is the quantification of specific products of cells of the immune system, which are biologically stable in plasma and which are not metabolized. Neopterin is such a factor released from activated macrophages (1, 2, 3) . Gamma-interferon (IFN-y) produced by T cells activates macrophages, which in turn release neopterin. Thus, macrophage activity was § Author to whom correspondence should be addressed.
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Pteridines/Vol. 10/No. 1 indirectly evaluated using neopterin, a specific marker of macrophage function. Macrophages have been shown to play an important role in the immunosuppression associated with infectious complications. In vitro results have demonstrated that macrophages are involved in the stimulation of soluble interleukin-2 receptor (sIL-2R) release from activated T cells ( 4) . sIL-2R binds with IL-2 cell surface receptors, reducing IL-2 availability to IL-2 cell surface receptors on T cells (5) . Due to the documented role of macrophatges in the in vitro release of sIL-2R, a study was conducted to investigate the relationship between sIL-2R and neopterin.
Within hours after the onset of bacterial insults, the liver starts to produce a subset of plasma proteins termed acute phase reactants. The hepatic acute phase response is thought to be mediated by cytokines produced by macrophages, fibroblasts and endothelial cells at the site of injUly. Among various cytokines, interleukin-6 (1L-6 ) may play the principal role in the induction of the hepatic acute phase response. C-reactive protein (CRP) is the major one of the acute phase reactants and its release has been demonstrated to be mediated mainly by 1L-6.
We performed simultaneous measurement of neopterin, CRP and sIL-2R in patients with severe infectious complications. The research was performed to establish a relationship between :11acrophages and activated T cells in the host -<-"sponse against bacterial insults .
Patients and Methods
The study included five consecutive patients affected by severe postoperative infectious complications (four men and one woman, median age 71 years, range 61-76 years). All patients were transferred to the intensive care unit (ICU) due to severe pneumonia and peritorutlS. Venous blood samples were collected at 8:00 a.m . on 5 consecutive days. No patients were undergoing therapy with steroids and or other drugs concomitantly which may affect the immune system. In each sample, plasma levels neopterin, sIL-2R and CRP were simultaneously determined. Neopterin levels were detected by high-pressure liquid chromatography (HPLC) (6) . s1L-2R concentrations were measured with an enzyme immunoassay, using commercially available kits (T Cell Sciences, Cambridge, MA, USA) . Plasma CRP was measured with a Latex/CRP immunodetection kit (Hoechst, Japan). The normal levels obtained in our laboratory were: neopterin, < 2 .5 pmoljml: sIL-2R, <480 U/ml: CRP, < 0.5 mg/ dl. Data are reported as the mean ± SD and determination of the coefficient of correlation was analyzed by simple regression analysis.
Results
As shown in Table 1 , abnormally high plasma levels of neopterin, s1L-2R and eRP were observed in all five patients and in all 25 determinations. Table 2 shows a positive correlation between neopterin and s1L-2R in all five patients. In contrast, a significant correlation between neopterin and eRP was found in only one case and no correlation was found in the other 4 patients .
Discussions
The results of this study, by showing a concomitant increase of neopterin, an indicator of macrophage activity and sIL-2R levels and a positive correlation between neopterin and s1L-2R (Table 1 , 2), suggest that s1L-2R release may be in part modulated by an enhanced macrophage function. Therefore, this study confirmed in vivo, that macrophage influences s1L-2R release from T cells into the blood, as previously demonstrated in vitro by Nelson et al. (4) .
The details of sIL-2R release and its biological significance are not yet cle arly unde rstood . In particular, it has not been established whether the enhanced secretion o f sIL-2R simply reflects T cell activation or whether it is due to alterations of IL-2 cell surface receptor expression. There are different theo ries regarding the mechanism of the release of sIL-2R including: (a) that sIL-2R is produced by alternate mRNA splicing of the IL-2R transcription product, (b) that it is derived by proteolytic cleavage of IL-2R and (c) that it is coded by a different gene other than IL-2 (7 ,8) .
A concomitant increase in both neopterin and sIL-2R bloo d levels and the corresponding negative prognosis have been described in association with immunodeficiencies such as AIDS (9) . If the hypothesis that macrophages are involved in the stimulation of sIL-2R release from activated T cells is true, inhibition of macrophages could improve the prognosis in immunosuppressed patients as well as in patients with severe infectious complications. The stimulation of sIL-2R release might represent one of the mechanisms through which macrophages suppress IL-2 dependent functions. However, even though sIL-2R have been proven to bind IL-2, it remains to be demonstrated that the increase in sIL-2R levels actually reduces IL-2 availability to IL-2 cell surface receptors on T cells.
Previous reports also show an elevation of neopterin and sIL-2R levels during graft rejection ( 10) . This suggests that an elevation of neopterin and sIL-2R possesses high sensitivity but no relevant specificity, and that T cell activation is not restricted to rejection and viral infection but also that it is involved in general inflammatory responses to bacterial infection. The present study also demonstrated that elevated neopterin and sIL-2R showed a continuous decline during effective antibiotic treatment (data not shown). This decline in neopterin and sIL-2R could reflect a reduction of macrophage and T cell activity. Therefore, plasma levels of neopterin and sIL-2R could assess the efficacy of antibiotics and predict the prognosis of the patient.
The present study also showed that abnormally high plasma levels of eRP as well as neopterin and sIL-2R were seen in all five patients and in all 25 determinations (Table 1 ) . Although eRP is a sensitive marker of infection, this marker showed low specificity as well as neopterin, being increased in all cases. The lack of correlation between neopterin and eRr in most of the cases (Table 2) indicated that independent mechanisms control the synthesis of these two markers . As described The present research demonstrated abnormally high plasma levels of neopterin, an indicator of macrophage activity, sIL-2R, an indicator of T cell activity and eRr, an indicator of inflammatory responses , in patients with bacterial insults. This study also showed the posItive correlation between neopterin and sIL-2R. In contrast, the relationship between neopterin and eRr was found not to be correlated, which indicated that inflammatory episodes did not automatically trigger specific immune responses . The positive correlation between neopterin and sIL-2R suggested, at least in part, that macrophages involve sIL-2R release from activated T cells, followed by immunosuppression by reducing IL-2 availability.
